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INTRODUCTION
Reproductive performance in cow-calf operations is one of, if not the most important
factor affecting profitability in a herd.  Several economic studies have suggested that
reproductive traits are 5 to 10 times more important than growth traits and 5 to 20 times more
important than carcass traits in determining the net profitability in an operation.  Therefore,
achieving high levels of reproductive efficiency should be the top or one of the top goals of any
cow-calf operation. 
Ultrasound technology is by no means a new technology.  Its use in live animals was first
described in 1950 by J.J. Wild.  He described its use as nondestructive and humane and as a tool
that could be used in live animals to quantify muscle and fat tissue.  Since that time, ultrasound
technology has continued to advance and more recently has seen increased application and use in
the livestock industry.  Currently, research and application of ultrasound technology in the
livestock industry is continuing.  Potential areas of application in the livestock industry include:
carcass trait measurements on live animals, use in veterinary medicine and reproductive
management.
ULTRASOUND PRINCIPLES AND TECHNIQUES
The use of transrectal ultrasound imaging of various reproductive events or characteristics
in large animals is reviewed in greater detail elsewhere (Pierson et al., 1988; Ligtvoet et al.,
1989).  For the purposes of this paper, only a brief description of the principles and techniques
will be presented.  
Images of tissues and internal organs are produced with ultrasound technology by
utilizing high frequency sound waves.  Production of these sound waves occurs through
vibrations of specialized crystals (piezoelectric crystals) located in an ultrasound probe or
transducer.  The waves are emitted from the transducer and directed through the tissues of
interest.  The ability of the tissues to reflect the sound waves determines its ultrasonic
characteristics.  Sound waves that are reflected by the tissues are sent back to the transducer,
converted to electric current and subsequently appear as an echo image on the viewing screen. 
To properly interpret the image produced on the screen it is necessary to understand that the
echoes will appear on the screen in varying shades of gray (black to white).  It is also necessary to
know that fluids do not reflect sound waves (nonechogenic) and will appear black on most
viewing screens (dependent on machine format).  Examples of structures that are fluid-containing
and that would appear black on the screen are: ovarian follicles and embryonic vesicles.  At the
other end of the gray scale, dense tissues (e.g., bones) will reflect (ecogenic) more sound waves
and will appear as light gray or white on the screen.  Therefore, depending upon their
echogenicity, the various tissues and contents of the reproductive tract will appear on the screen
in various shades of gray which will be characteristic of those tissues at any particular
reproductive state.
The most widely used method of ultrasonic examination of the reproductive tract is
transrectal imaging.  Since the reproductive tract is in close proximity to the rectal wall, this
method of scanning allows for the use of high frequency (3.5, 5.0 and 7.5 MHz) transducers that
provide extremely detailed images.  Image resolution improves with higher frequency sound
waves, but depth of penetration is reduced.  Transrectal scanning requires similar precautions and
preparation as rectal palpation.  Persons desiring to utilize transrectal ultrasound imaging must
first be proficient at rectal palpation.  Transrectal scanning requires the use of a couplant, used as
both a lubricant and to eliminate air between the transducer and the rectal wall (air reflects sound
waves).  This method of ultrasound imaging is used in the cow as well as a number of other
species.
Experience is extremely helpful in proper interpretation of the ultrasound image.  Because
many artifacts are common during imaging, complications in evaluation of the image can lead to
mistaken interpretations.
ULTRASOUND IMAGING OF REPRODUCTIVE EVENTS
Monitoring Ovarian Activity.  Increasing the number of breeding females that are
cycling or hastening conception would lead to increased reproductive efficiency in a herd. 
Noncycling cows during the breeding season are one of the biggest factors that reduce
reproductive efficiency in beef herds.  Determination of the ovarian status of cows or heifers not
cycling during the breeding season, would provide information that could be used for more
successful reproductive management.
Two advantages seem to exist for ultrasound evaluation of the reproductive status of
breeding females.  The primary advantage would be for determination of the reproductive status
(cyclic vs. noncyclic) and subsequent assignment to the most efficacious treatment for estrous
control.  A more secondary advantage would be for diagnosis of abnormal ovarian (cysts) or
uterine (pyometra) conditions that may impair fertility.  While evaluation of reproductive status
can be done without ultrasound technology, reports (Sprecher et al., 1989) indicate better
diagnosis with ultrasound.  
Times that seem useful for determination of ovarian activity by ultrasonography are: 1)
before the start of the breeding season and 2) 30 - 35 days before the end of the A. I. season.  In
both instances, knowing the reproductive status allows selection of the most desirable treatment
or program to synchronize or induce estrus.  Females that are determined to be cycling and
especially those with a corpus luteum present on an ovary can be treated with prostaglandin
products to synchronize estrus.  Those females determined to be noncyclic, are better suited for a
program that induces estrus with progestin therapy (Beal et al., 1984).
Monitoring Pregnancy and Embryo Development.   The greatest potential advantages
for utilizing ultrasound technology for pregnancy detection in beef cattle are: 1) earlier detection
of an embryo than by traditional methods and 2) increased speed and accuracy of detecting earlier
pregnancies.  Researchers have reported pregnancy detection as early as day 9 (Boyd et al., 1988)
with the use of ultrasonography.  
Other reports (Fissore et al., 1986; Kastelic et al., 1989) indicate that accuracy of
distinguishing between fluid accumulation in the embryonic membranes during early pregnancy
(< d 18) and that which normally accumulates in the reproductive tract during proestrus and
estrus is not high.  Kastelic and coworkers (1989) indicated that accuracy of pregnancy diagnosis
with ultrasound between d 10 through 16 was no better than a random guess (< 50%).  However,
accuracy improved significantly on d 18 (85%), d 20 (100%) and d 22 (100%).  These results
would support those previously reported (Curran et al., 1986a) in that accuracy is better when the
embryo can be detected between d 19 and 24.  From a practical standpoint, if large numbers of
cattle are to be scanned, they recommended that the females have embryos that are older than 26
days of age.  This indicates that the advantage of the ultrasound is limited to use when pregnancy
determination occurs prior to day 60.  This time period equates to pregnancy determinations prior
to weaning of the previous calf.  At weaning, most cows are at least 60 days pregnant and maybe
as much as 120 days.
Several events or characteristics of an embryo can be detected with the ultrasound that
can help determine the precise age of the fetus (Curran et al.,1986b).  These include: 1) the
heartbeat (d 22), 2) the spinal cord (d 28), the placentomes (d 35), split hooves (d 44) and the ribs
(d 52).  
In addition to helping age the fetus, the heartbeat can be used to determine embryo
viability and mortality.  Beal et al., 1992 reported that embryo mortality was higher between d 25
and 45 (6.5%) than between d 45 and 65 (1.5%).  These results indicate that ultrasound imaging
allows for determination of the presence and viability of an embryo as early as day 22.  Such
determination at this early time helps to differentiate between conception failure (before d 22) or
embryonic loss (after d 22).
In instances where a nonviable embryo is maintained and carried by a cow, a functional
C.L. is also maintained and the cow continues to function as though she is pregnant.  Utilizing
ultrasonography, a nonviable embryo can be detected and treatments with luteolytic products can
be employed to cause regression of the C.L. and expulsion of the nonviable embryo.  Such
treatments can aid in getting cows to return to heat and to be bred sooner than without the
treatments. 
Sex determination of an embryo with ultrasound imaging is possible and reliable with
reported predictive accuracies of 92 to 100% (Muller and Wittkowski, 1986; Wideman et al.,
1989).  Differentiation of male and female fetuses can occur after day 50 of pregnancy by
evaluating the relative location of the genital tubercle (penis or clitoris) and development of
genital swellings into a scrotum in male fetuses.  Optimal success at sex determination is
dependent upon proper timing.  Two events can occur that may hamper sex determination.  First,
as the fetus gets older it enlarges and makes manipulation of the transducer relative to the fetus
much more difficult.  Secondly, as the gravid horn enlarges, it begins to descend into the
abdominal cavity and makes sexing of the fetus impossible without manually retracting the horn. 
It therefore appears that the "best" window for fetal sexing is between d 55 and 70 for large frame
breeds of cows and between d 60 and 80 for cows of smaller frame size and(or) younger cows.
Potential application of fetal sexing in commercial operations is probably limited to
identifying and selecting cows that will produce male feeder calves.  However, management for
this purpose on most commercial operations is not feasible.  Its application is most likely more
suited to the purebred or seedstock segment, especially if used with embryo transfer.  Such
application would allow for marketing of male and female embryos while still in utero. 
Monitoring Artificial Insemination Technique.  Training  programs for artificial
insemination has typically utilized excised tracts from cows for use in training on semen
deposition.  Success of A.I. is dependent upon proper semen deposition and proper training of
technicians is important to their subsequent performance.  A method to improve on the training
and retraining of inseminators was developed  by Beal et al., (1989) utilizing ultrasound for
evaluation of simulated semen deposition in live cows.  Briefly this method involves the use of a
brass bead that has a nylon line attached to it.  The bead fits into the end of a slightly modified
insemination rod and is deposited in the reproductive tract by the trainee.  Ultrasound scanning of
the reproductive tract will allow for evaluation of proper placement.  After the scan has
determined the location of the bead it can be removed from the tract by pulling the nylon line out.
ULTRASOUND IMAGING OF THE MALE REPRODUCTIVE SYSTEM
Considerably less work and development has occurred in relation to the use of
ultrasonography in reproductive management in the bull.  To date imaging has been used
primarily for research purposes.  Morphology of the testicle has been characterized (Eilts and
Pechman, 1988) as well as correlations of ultrasound measurements with testicular
circumference, weight and volume (Cartee et al., 1989).  Ultrasound imaging of the bull testes
does not interfere with reproductive capacity.  
Scanning of the accessory sex glands of the bull has also been done (Weber et al., 1988). 
Again, these scans have been used to establish organ dimensions and anatomical relationships in
the live animal.  
While less ultrasound work has been conducted in the male, the potential for use exists.
Once establishment of dimensions and correlations of measurements has occurred, the ultrasound
should be useful in determining the effects that processes such as disease or injury might have on
reproductive function in the male.  In cases of suspected problems, ultrasound imaging should
help in identifying affected areas.
EQUIPMENT COSTS
One of the biggest hindrances to wider application and use of ultrasound technology in
reproductive management for beef cattle is cost.  Even with the purchase of used portable
machines with a transducer, the cost will begin at about   $6,000.  This factor in itself limits it
economic feasibility for most producers.  Veterinary practitioners with large volumes of cattle
work in their practice could potentially justify such costs.  
SUMMARY
It is evident that potential uses for ultrasound technology in beef cattle reproductive
management are many.  It appears that the primary areas for potential practical application are
ovarian palpation and pregnancy determination.  Application in these areas should have the
biggest impact on reproductive efficiency because of better management for synchronizing or
inducing estrus and in improved pregnancy detection skills.
  Application in other areas will be extremely limited.  The use of ultrasound technology
will be used sparingly in the field and probably in herds where existing reproductive management
is already at a high level.  Currently cost is a significant factor in keeping ultrasound technology
from wider application and use in reproductive management. As time passes and the use
increases this may become a somewhat less significant factor.
Ultrasound technology offers yet another tool that has potential to improve upon
reproductive management and efficiency.  Keeping in mind the relative importance of
reproductive traits in the profitability of a given herd, one should evaluate all tools available to
improve reproductive efficiency through improved reproductive management.
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